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SUMMARY 

Data from a 12-cm-diameter catalytic combustor test rig using propane fuel 

5 

at an inlet temperature of 800 K, a pressure of 3x10 Pa, and reference velocities 
from 10 to 20 m/s was analyzed. Correlations were obtained for combustion effi- 
ciency, percentage pressure drop, and the minimum required adiabatic reaction 
temperature to meet emissions goals . 

Combustion efficiency at the test conditions was found to be a function of the 
catalyst bed cell density, cell circumference, reactor length, and the reference' 
velocity. Combustion efficiency was also dependent upon the adiabatic reaction 
temperature to the tenth power. 

The percentage, pressure drop was found to be proportional to the reference 
velocity to the 1.5 power. The percentage pressure drop was also proportional 
to the reactor length, and inversely proportional to the cell hydraulic diameter, 
fractional open area, and the pressure. 

The minimum adiabatic reaction temperature required to meet the emissions 
goals of 13. 6 g CO /kg fuel and 1 . 64 g HC/kg fuel was found to be proportional to 
the reference velocity to the 0 . 1 power and inversely proportional to the cell cir- 
cumference, cell density, and reactor length to the 0.1 power. 

A catalyst factor was included in the correlations to account for differences 
between catalysts. Combustion efficiency, the percentage pressure drop, and the 
mintmum^required adiabatic reaction temperature were found to be a function of 
the catalyst factor. The catalyst factor ranged from 0.12 to 1.52. A reactor with 
a larger catalyst factor achieves a higher combustion efficiency for a given adia- 
batic reaction temperature. It also, however, has a higher pressure drop. Thus, 
there is a tradeoff between combustion efficiency and pressure drop. The catalyst 
factor decreased from 0.46 to 0. 12 for one reactor after approximately 20 hours 
of testing. 



IN riioDi ri'K>\ 


Thf pui'iH'si' I'l ti\is papi'r is pri’st'nt thivo i'orri'lal u'ms bastal oi\ pivvunis 
i'atalytii' I’l'inbust ii*n ilata ^ri't's I to S). Tht* tirst ».a*rrolatos la'iulnisl u'n I'tli- 
i‘io!u*\ Tlu' so*.‘oiul IS a I'l'iTolat u'u ol llu* poi‘Ot’nla^o pri'ssuri' ili\>p at an avlia- 
batio loaotu'u tompi'ralu ii' o\ I lf>0 K. I'ho thiiil is a oonvlatu'ii ot tlu> nuiutmim 
aibabatio naution ttMupiM atmv ioi,ui roii to moot tlu' stoaily stato I'lmssions ^;oals 
Si't U>r tlu' 1K>K suppiMloil tlas Tiirbmo Hipjn\a\ W'luolo S> stt'ms l’i\')OiM plu’ 

^(.'als ai‘ 1 ' ili'si'iMlu'ii m rt'l’ 2). 

Till' oorrolat ions oan bo usoii in tlio ilosipji ot a oatalytio I'onibiistor to oporato 
at a {;ivi’ii oonibiistion otlioioiu\ ami moot omissions ..oals. With i;i\on oonstramts 
snob as I'poratm^ toinporaturo or prossnro ilrop a oatal\tio roai’tor I'onUI lu' ilo- 
si^;noil with a spi'oil io ^oonu't r> , U'nr,th, ami v'atalx st t>po that is nov'i'ssarv to 
moi't tho ottu’ionoN aiul or omissions ^;oals t>osoript ions ol somo ol iho various 
t\pos ot oatabsts availabio oan bo toniul m tho rotoronoos 

I'ho oorrolations aro basoii on an inlot toinporaturo ot m> 0 K. a prossnri' of 
a\IO‘* I’a, aiul ri'loroiu'o volooitios from 10 to 20 m s lor oporation with propano 
fiu'l. .\il I'atalysls nsoil woro nobio motal. 

Tho porformanoo ot tho oatahtio roaotors on whioh tho oorrolations aro basoil 
shoalil bi' \ iowi'ii as I'v'iisorx at i\ o lloat lossos lrv>m tho 11^ om-iliaim tor tost ri^; 
wi'ro lairly lari;i'. abv'ut U' porooni ol Iho total boat a\ailablo Tho aihabatio roao- 
tion tomporaluro nooossar> for a };i\on oombnstion offioionov woiiM bo o.xpootoii to 
ilooroaso for tost I'omlitions olosor to ailiabalu*. 


UKSl LI'S AND DiSLl SSlON 


t.’omlnisl ion I'ff u*iono> 

I'l'inbnst UMi offioionoN for l2-om iliamotor oatal\tio roai'tors asin}; propano 
tiiol at an inli't ti'inporatiiro of SOO K. a prossnro ot ILiii*’ Pa, ami rotoronoo \o- 
loi'itios from 10 to l!0 m s is oi'i rolatoil m li};nro I At thoso oomhiions, ov'inbus- 
t ion I'ffioionoN is loiiml to lu* a fniu'tio.. of 
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1 ailiabalu* ri‘at.’lion ItMupt'i atuii*, K 

I'l'll I'ircumftMvnoi', i*m 

• ) 

C'^j I'oll tU'Msity, 

1- ii'ai'tor Irn^lh, ciw 

^ lU’K voUx.‘ily, m/s 

C'l I’atalyst laolor 

'I'lu' fatalssl lai'U'i’ is a mt’asuri' ol Uu' r«'lativ»‘ lu'rlormaiu'i* ol a ratals lii* 
roaflor. U was usoil to aiaa>iml lor ililttMotua's lHi\v<*t'u ivaotors . 

rhoro is i‘i>iisiiUMabk‘ soattor in llu‘ lairrolalion, ospi'oi;illy at lovfr i-v»mbus- 
lion olfii'ionoios. Al oombuslii>n oil ii‘ii'iu‘it‘s wlu'ro Iho lairvi' is slot'p, Ihoro is a 
ran^o ol tT pt'rooul in l!u' I'ori’olalion. Al a oombuslion ollii'ioiu’V ol l>l> poroont, j 

whioh is pivbably a noiinal i'piTalmp; point, Ihoiv is a rango ol U poroont in llio j 

Oi>rrolalion. < 

rho roa».*tv>rs i.‘i'nsiiii'roil aiul ihi'ir n*sp*.'oi ivt* oalalysl laoloi's ari> lisli'il in 
Tablo 1. lU'aoti'rs wi'n* I'lu'sim whioh usiul tlu* sanu’ snbsl raU' I'oi' all olonu'nts. 

A ilosonplUMi i>r tho oUmiumUs ».a)mprisin^ I'aoh roai*li»r is ^ivon in TabK' ll A six- 
ilip:it ooiU' is usoil U>r I'aoh olomonl Tlu* lirsi ili^it givi's Iho maniilaoluri'r aiul llu* 
si’Ot>ni.l iligit nanu's llio oatalyst. Tho Ihiril aiul Ibnrth ri'pri'siMit tlu' I’atalvst loail- I 

injt. Tho last tw\» tligils p;iv«.' iho oi'll ilonshy lor tho t*lomont AM'ra^o ta'll oir- 
oiimloroiu'os, la'll hyilranlio ilianu'ti'rs, aiul I lau'tii'iial opon anais w»'i'o t'sliinatoil 

lor somo I'l llu' naii'tors. Tlu' valiu's usiul lor I'aoh oh'nu'nt an' ^ivi>n in TabU' H. j 
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Tlu' aihabatii* ri'ai'lion li’inporalnri' usiul lor llu' oorrolalii'n rang;oil r:\)in lliUi 
U» U»00 K. Ib'liMiMu-o u'h'i’il ii's l an^i'il lr»>in 10 U' L’O m. s. I'ho I’ataU st lai’tor 
ran^t'il Iri'in 0. 10 t».> I all lor roai'tors with a ma\iimnn ol .5 hours losiiiif; All 
ri'ai'loi's oM'i'pt tl I wt’i'i’ U'stoil nsinp, a batt'h ol propano whioh was OS. a pi'ri'ont 
piiro (rol. L’). lk'aob>i'.l I usoil this baU'h i>l propano aiul alsi> a soi't>iul baU’h 
wlm'h was 00 S pt'roont pnro ^ri'l . Ll) Ixoai'ho J I w:is initialh ti'sbul w ith llu‘ j 

OS . f) pi'nu'nl propaiu', aitiul loi' approxunatoh L’l* hours with pri'j ano, dit'si'l, and j 

1 

,)ot A liu'ls, aiul tlu'u |•l'lostl'd w ith tho 00. S pt'i'ooni pri>pano. I’lu' shadoil .‘^vniUds I 

roltM" to tlu' ajti'il ,11 rt'aolor. j 

I 
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I’ri'ssuro l)i\>p 

Tlu' pt’ro<Milaj;t' (iri'ssuia’ ilrop h>r tho laxii’tors listt'd in Tablo 1 at an aihabatii* 
roaotiiHi li'inpt'ral uro i»l l lhi) K is oorrolattul in I idlin' ll It is louiul to bi' propor- 
lu'.uil to 
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whoro 

Djj coll Imlraulic diamolor, cm 

P pressure, Pa 

F Iraetional open area 

and Cj-, L, and j, are delined in liie disi’ussion ol eombuslion eliieieney . 

The data upon which tlie correlation is ».aied was taken at a pressure ol 
d nIO*^ P^, the el'leet of pressure was obtaimal from reference 3. rhe percentage 
pressure divp is correlated generally within a). 5 percent, Klement lengths, cell 
hydraulic diametei-s, and fractional open areas used for the correlation can be 
found in Table 11 

The measured percentage pressure drop ineliuled the pressure divp due to 
inlet and catalyst bed thermocouples, and also an e.\it instrumentation section 
containing 12 thermocouples and a 1 27-em-iliameter gas sampling rake. The 
e.\it plane blockage was approximately 1^.5 percent. Heeent tests found the pres- 
sure drop line to the instrumentation to be fairly small. Heferenee 2, however, 
reported a pressui’c drop i)f about half that used for this correlation for reactor d l 
without the instrumentation. The pressure drop correlation shi>uld, therefore, be 
regardeil as an estimate of the pressure ilrop expected for a reactor. 

I’emperature liequired to Mt'ct Kmissions Goals 

The minimum adiabatic reaction temperatures, T^^pnin) required to meet 
the emissions goals set for the automotive gas turbine programs was eorrelati'd 
from the data as 


r^j)pnin) = ^ 

and is plott«'il in figure 2 for all reactors listt'il in Table 1. The symbols were 
defiiu' . pi'cviously. Tlu' emissions gi>als are Id.i? g fuel, 1 . li-1 \y,' Vg f.ol 

aiul 1 t*0 g Nth, /kg fuel. NO^ emissions witli pn>pane fuel wei-e negligible pa>f. 1). 
The } oals eorresixnul to a combustion efficiency of approximately ‘dii.5 percent. 

Kqua ion pb correlates the minimum reqiiireil adiabatic reaction ti’inperature within 
tf) pi reent . 
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Cal a ly tit l "actt>i- 


riu' t’alah sl lactor was usial to ai’counl lor roaotor tlilioroiu os duo to 
oatahtio malorials :uul loailin^;, maimtaolurin^ li'i'hniquos, olloi-ts iluo to iho 
wash ooat, olo. It pi\>vidos a nu'asun* ol tlio rolativo porl'ormanoo i>l a oatahtio 
roaotor. Ci'iuhusliou otlioioiiov, tlu* poi\‘onla^o prossuro iii\>p aiul tho miniimim 
roijuiri'il aihabalio roai'lion lomporaturo aro a tunolion ol tho oatalysl laotor. 

Thus, thoro is a trailooll botwoon oombuslioii otlioionoy aiul prossuri' drop. 

Tho l\ po of oalalyst for roaotors Cil, t'ld, and CS as shown in Tablt's I aiul 11, 
was llH:lPd. Catalyst loadinjis ran^oil from o.5 to ‘J. i k^/m*’. Sinoo porfor- 
manoo ilifforiMU’os duo to oalalyst loadings an* ri'fli’ol».'il in tlu' oalal>'st faolor, 
tho oonstant faolor of 1,0 for tlioso lU'aotors iiulioatos this raiij;t' of loaiiinjis had 
no I'ffool on tho porb'rmanoo at thoso I’oiulilions for this l\po id oalalyst, I'ho 
oatalysl typo for roai'lors 01 Ihrouj^h 07 was 1 I'ltllM. A I’oniparison of oalalyst 
faotors from 'I’ablo 1 for ri'aotors o:> and 05 sliows no offoot of i-atal\sl loading, 
howovor, oomparing roaotors 012 and 01 shows an moroaso m tho oalah st faolor 
from O.OS to 1.00 with an moroaso in oalalx st loading from 1 . s to 5.i> kg m*\ 

Tho offoot of oatalysl loading has yot to bo lully dolorminod. 
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'I'ho oombustion offioii*iu\\ , pi'roi'iUagi' pi'ossuri’ ilri'p, and llu' minimum ro- 
ijuiri'd adiabalio ri'aotion tomporaluro I'orrolal ions aro basod onh on data obtainod 
for roaotors lostod lor a maximum of ;> hours oxi'opt for roaotorJ l. Uixiolor J1 
was tostod for appri».\imalol\ 120 hours with propano, diosol, and .lot ,\ fuols. Dog- 
radalion in porformanoo was obtainod lor o|u'ralion with propaiu' fuol only, not 
iliosol or Jot ,\. Tho i‘alal>sl laotor dooroasod from ii.dt! to 0. 12 Tho offoot of 
aging was primarih rofloolod in Iho oombustion otfioioiu'y and llio minimum ro- 
quirod adiabalio roaotion tomporaluro. I’ho prossuro drop doi’ioaso was small, 
rho initial li'sts won* madi' with tho ‘.is 5 pi'roont purity propano, whik' DD.s por- 
oont purit> pn>pano was usiul altor aging. Tho small iiu'roaso in purit> ma> ha\o 
oontributod somowhal to tho dooroaso in tho oaial\st laotor, howovor. unpublishod 
ilata indioato that tho dooroaso probably was oausod mainh b\ aging 

CO NCI. I DINC. UKMAKKS 

Calahlio nxioior data fivm a l2-i*m-diamolor ti'sl rig using propano fiu'l at 
an inlot li'inporaturo of SOO K. a prossuro ol 5 TO*’ I’a, and roforonoo \olooitios 
from 111 ii> 20 m s has boon oorrolatod for oombu.slion offi.'iono\ . prossuro divp 



and tlu* nunimum n'liuired adiabatif ri*ai tion U'mporaliMV . Combustion ollicionoy 
was lound to bo a l’unotii>n i>l 
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o 

' iu:i' 


At a I’ombustion i*tlioii'iK\\ ol *.)*.) poroont, tho data oorrolatos with.in d poroonl. 
Tho poi*oontaj;«.‘ prossuro drop was I'ouiui to bi* proportional to 


C. 



p. K 


. 1 .5 

in:i' 


at an ailiabatio roaotion ti‘inpt‘raluro ot 1 InO K . l lu* pi'rc‘i‘ntaj;i' pri'ssuri’ ilrop 
gonorally o<.)ri\‘lati‘s williin lO.;") pi'ioont. Tlio nuninuiin ailiabatio roaotion tom- 
pi'raturi' roiiuirod to nu'ot Iho I'lnissions ^oals ot Ul.ii and I . (M 

IIC/U^ Inol i*an bo lound trom tho oxpi’ossion 


l'Ai)d"i») 
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'rhis oxprossion oorndati's tho nunumnn roijuirial adiabalio roaotion toinporatun* 
within approxiinatolN to [loroonl . 

Catalyst durability is an iinportaiil oonsidoral ion lor a oalal\tu* roai'tor. Tlu* 
dooroaso ot tho oalal\st tailor troin U.-lil lo 0. 12 tor oiu' roai’lor atlor approxi- 
matolN' 20 hi>urs ot lostin^ was prol)abl\ inainl\ duo lo a^in^. Tlu' i’hanj;o in tho 
oatalN St tailor with a};in^ I’ould bo usod as a nioasuro ot iho durabilil\ ot a oala- 
lytio naiotor. 

Tho oorri’lations aro basial on data oblair.vd at ono inli'l lomporaturo and ox- 
oi'pl ti>r till' prossuro drop I'orri'lal ion, tho\ aro basi'd on oiu' pri'ssuri’. A inoro 
^onoral I'orn'lalion is lu'odod lo oo\or a ran^i' ot inlol li'inporaluros and prossuros 
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Figure 1. - Combustion efficiency correlation 
Inlet temperature of 800 K. Pressure of 
3x10^ Pa. Propane fuel. 
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Figure 2. - Pressure drop correlation. Inlet 
temper at jre of SOO K with propane fuel, 
Adiabc’ic reaction temperature of 1450 K. 
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figure 3. • Minimum required JduMtic rejction 
temperature to meet emissions qojis. Inlet 
temperature of SiX' K and pressure of 3xliv Pa 
Propane fuel 



